Introduction
Electrochemical promotion of catalysis (EPOC) or non-Faradaic electrochemical modification of catalytic activity (NEMCA) has been studied and applied successfully for many catalytic systems [1] [2] [3] [4] [5] . In EPOC, catalytic activity and selectivity of metal films in contact with electrolytes, both solid state and aqueous, can be varied in situ in a very pronounced and reversible manner via electrical potential application between the catalyst film and a counter electrode also in contact with the electrolyte [1] . EPOC isshown to be due to the catalytically promoting properties of ionic spillover species that migrate onto the catalyst surface under the influence of the applied potential. These species accompanied by their compensating charge in the metal establish an overall neutral double layer on the gas exposed catalyst surface. The effective double layer affects the binding strength of chemisorbed reactants and reaction intermediates and thus affects the catalytic rate [6] .
Catalyst films are often prepared by using different methods and materials. The resulting catalyst films, therefore, may have different microstructure or morphology [7, 8] and impurities [8, 9] .Pt/YSZ systems with catalyst films of differentmicrostructures or morphology may result in significant differences in the three phase boundary (tpb) length (i.e the solid electrolyte -catalyst -gas interface where the electrochemical reactions take place).
This can affect the electrochemical behaviour of the system. In addition, the different impurities mayaffect both the catalytic and electrochemical properties of the system.
Depending on the nature of the impurities they may hinder (by blocking the catalyst active sites or the tpb) or enhance (if catalytically active) the catalytic or electrocatalytic activity. To date, very little information is available on the possible influence of impurities on EPOC. Table 1 shows the impurities found in platinumand YSZ prepared by different methods as published in previous studies.In Pt and YSZ samples, silicon (Si)has been known as the main contaminant. Even high purity electrolyte and electrode materials are often Si-contaminated as observed in the work ofMutoro et al [8] . The main aim of the present study is to investigate the influence of impurities and catalyst surface characteristics of three different Pt catalysts films supported on YSZ on the oxygen charge transfer reaction.
Experimental
In this work, porous electrodes were prepared by using commercial Pt paste and resins from three different providers that were ESL (5542), Heraeus (RP 10003-12) and Metalor (98007).
The oxygen charge transfer reaction for Pt/YSZ systems using the three different commercial catalysts were studied by cyclic voltammetry (CV) and compared. The electrolyte pellets were prepared by pressing approximately 2.2g of YSZ powder (8 mol% yttria) at 3 tons by using a 20mm diameter die. The YSZ pellets were sintered at 1500 o C for 4 hours. The sintered YSZ pellets were polished with SiC paper and washed with isopropyl alcohol in an ultrasonic cleaner and then rinsed with deionised (DI) water and dried. The electrochemical cell used in the current work was of the single chamber type and consisted of a three electrode system (working, reference and counter electrodes) [10] . The working electrode used in the current work was platinum (Pt) catalyst that was deposited on the prepared YSZ pellets on one side of the pellet by using a brush and then sintered by using a specific concentration removal has been described by Winkel et al [11] .Gold (Au)was used as the reference and counter electrodes and was deposited on YSZ pellets by using a brush and sintered at 400 o C and 800 o C for 2 hours.
The three commercial resins and the sintered catalyst films were tested for metal impurities by usinginductively coupled plasma optical emission spectrometry (ICP-OES and a deionised water sample were also analysed in order to deduct impurities found in the aqua regia and deionised water used to prepare the samples. 
Results and Discussion
Catalyst Characterisation impurities present on the catalyst films they were below the EDX detection limit.
Next, the three Pt resins and the sintering films were analysed by ICP. The main impurities found in the three resins and the sintered catalyst films, are shown in Table 1 and Table 2 .
The quantitative analysis was at this point inconclusive as the level of trace elements found in the deionised water was of the same order of magnitude as the impurities in the catalysts and therefore significant error is associated with the calculation of the absolute values of the impurities concentration.As can be seenin Table 2 Cyclic Voltammetry Fig. 2 shows the voltammograms obtained at 400 o C for the four catalyst films tested using a scan rate of 30 mV/s. In all case a cathodic peak is observed in the figure that corresponds to the reduction of oxygen chemisorbed at the tpbas described in equation (1) [12] .
Anodic peaks that correspond to the reverse of the charge transfer reaction [12] are barely detectable in all of the voltammograms which indicates thatO (tpb) was formed primarily from Astudy conducted by Arul Raj and Vasu [13] indicated that thecathodic peak broadens for an electrochemical system that contains Bi. This is in agreement with the observations of this study. In contrast, the Metalorsample has more distinct peaks compared to the other catalysts which could be due to the lowest level and type of impurities found on this catalyst surface.The findings show that impurities could have played a more important role in affecting the charge transfer reaction since a more porous structure does not necessarily produce more distinct peaks in a voltammogram.
Conclusions
The present work has shown that commercial catalysts (i) contain different types and amount of impurities and (ii) have different surface characteristic (chemical and physical) and that both of these factors affect the oxygen charge transfer reaction. The results indicate that both the catalyst microstructure and impurities have to be considered in the investigation of the spillover processes. 
